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Biological Stress Regulation in Female Adolescents: A Key Role for Confiding 
 
Abstract 
Attachment behaviors play a critical role in regulating emotion within the context of 
close relationships, and attachment theory is currently used to inform evidence-based 
practice in the areas of adolescent health and social care. This study investigated the 
association between female adolescents’ interview-based attachment behaviors and 
two markers of hypothalamic-pituitary-adrenal (HPA) axis activity: cortisol and 
dehydroepiandrosterone (DHEA). Unlike the classic stress hormone cortisol, there is 
very limited investigation of DHEA— a quintessential developmental hormone—in 
relation to attachment, especially in adolescents. Fifty-five healthy females mean age 
14.36 (± 2.41) years participated in the Attachment Style Interview. A smaller cortisol 
awakening response was related to anxious attachment attitudes, including more fear 
of rejection, whereas greater morning basal DHEA secretion was only predicted by 
lower levels of reported confiding in one’s mother. These attachment-hormone 
relationships may be developmental markers in females, as they were independent of 
menarche status. These findings highlight that the normative shifts occurring in 
attachment to caregivers around adolescence are reflected in adolescents' biological 
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Introduction   
Attachment relationships are believed by many researchers and practitioners to be 
vitally important in young people's healthy development (Guttmann-Steinmetz & 
Crowell, 2006; Sroufe, 2005). This is especially relevant in the United Kingdom, 
which faces the dilemma of being placed at the bottom of a list of 21 developed 
countries in terms of child and adolescent well-being (UNICEF, 2007).  The UK, like 
the United States, has a social policy agenda that places the relationship between 
children and their caregivers at the heart of its concern. Attachment theory, as 
originally outlined by Bowlby (1969), has significant implications for policy and 
practice, where it is currently being used to inform evidence-based practice 
concerning young people, particularly in the areas of adoption, fostering and social 
care (Department for Education and Skills, 2006; Maxwell & Cook, 2014). The 
theory not only provides a powerful framework for understanding relationships (for 
example, support access and parenting capacity), but it sheds light regarding the 
linkages with early parenting experiences and the subsequent risks for a range of 
mental and physical health outcomes (for example see, Bifulco, Moran, Jacobs, & 
Bunn, 2009; Fagundes, Bennett, Derry, & Kiecolt-Glaser, 2011; Puig, Englund, 
Simpson, & Collins, 2013).  Recent evidence suggests that early attachment history 
may contribute to increased internalizing symptoms for girls during the transition to 
adolescence (see Milan, Zona, & Snow, 2013).  
Adolescence represents a watershed period in terms of attachment 
relationships. The bonds that young children are biologically disposed to form with 
proximate caregivers to protect them in times of stress, threat and danger undergo 
dramatic shifts during this period of development (Brown & Wright, 2001). The 
typical adolescent quest for greater autonomy, together with the challenge or rejection 
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of parental support is part of an active and purposeful reorganization of the hierarchy 
of attachment figures (Allen & Land, 1999; Moretti & Peled, 2004; Noom, Deković, 
& Meeus, 1999; Rosenthal & Kobak, 2010). Developing autonomy from parents, or 
individuating, is a fundamental psychosocial task of adolescence identified by 
developmental theorists (for example Erikson, 1968). From adolescence forward, one 
dimension of attachment behavior suggested to be especially important is the ability 
to disclose and confide in a clear direct way about attachment needs and fears 
(Johnson, Makinen, & Millikin, 2001). Confiding in a close other is the analogue of 
the hallmark attachment behavior of seeking proximity to a caregiver in childhood 
and using caregivers as a safe haven to regulate feelings of insecurity and distress 
(Bifulco, Moran, Ball, & Bernazzani, 2002; Freeman & Brown, 2001; Johnson et al., 
2001). The importance of confiding as an attachment behavior is echoed in recent 
policy initiatives, with the UK Department for Education and Skills (2006) 
highlighting the need for young people to “… build secure attachments – this 
evidenced through confiding relationships and should be assessed through exploring 
the existence of supportive relationships and capacity to share difficulties and accept 
help” (p. 48).  
 Attachment behaviors can be understood across multiple levels of analysis—
from the psychological to the biological (Clulow, 2007; Diamond, 2001). Compared 
to childhood and adulthood, much less is known about the interplay between social 
relationships and biological regulation during adolescence (Hostinar, Sullivan, & 
Gunnar, 2014; Murray-Close, 2013; Scott, Briskman, Woolgar, Humayun, & 
O'Connor, 2011). Bowlby's (1969) original concept of attachment theory described a 
bio-behavioral system that is activated in times of stress, i.e. when there is a real or 
perceived threat to a person’s sense of felt security (Sbarra & Hazan, 2008). Our 
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body's primary stress-mediating system, the hypothalamic-pituitary-adrenal (HPA) 
axis is most widely known for secreting the hormone cortisol. Cortisol's functions as a 
glucocorticoid include the regulation of energy metabolism, vascular activity, and 
inflammatory and immune responses (Heaney, Phillips, & Carroll, 2012). There is a 
wealth of evidence to support cortisol's role as a quintessential stress hormone, and it 
is perhaps especially pertinent to attachment that this hormone is activated during 
socio-evaluative and interpersonal threat (Dickerson & Kemeny, 2004). Dysregulated 
basal levels of cortisol, especially the burst of cortisol secretion that occurs around 30-
45 min following awakening (cortisol awakening response: CAR), have been found in 
females categorized as anxious-insecurely attached (Oskis, Loveday, Hucklebridge, 
Thorn, & Clow, 2011; Quirin, Pruessner, & Kuhl, 2008). There is also evidence 
linking attachment anxiety to reduced cell concentration in the left hippocampus, 
which may underpin aberrant HPA axis function in those with anxious attachment 
(Quirin, Gillath, Pruessner, & Eggert, 2010). Relatedly, rejection sensitivity and the 
associated fear of negative social evaluation have been shown to predict a flatter CAR 
in women (Tops, Riese, Oldehinkel, Rijsdijk, & Ormel, 2008).  
 These findings suggesting that attachment anxiety may have costs for 
biological stress regulation are buttressed by recent work investigating basal levels of 
cortisol in conjunction with reactivity to attachment-specific stressors. For example, 
Hicks and Diamond (2011) found that only females high in attachment anxiety had a 
blunted CAR following a relationship dispute the previous evening and Jaremka et al. 
(2013) found that anxious attachment predicted higher cortisol levels across the day 
following discussion of marital problems. There is limited research on basal cortisol 
secretion and attachment earlier in the lifespan, especially in females. Rifkin-Graboi 
(2008) examined both CAR and cortisol response across the day in young adult males, 
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but only found an association between attachment anxiety and cortisol during the 
afternoon. No equivalent research has been carried out with adolescents.  
 Cortisol is not the only hormone secreted by the HPA axis and relevant to the 
human stress response. The physiological patterns of the biological stress system 
regulate variation in a wide range of adaptive processes and behaviours including 
growth and metabolism, reproductive status and fertility, and a key HPA axis 
hormone for this is dehydroepiandrosterone (DHEA). DHEA is considered a 
precursor for several other hormones with androgenic activity (Kroboth, Salek, 
Pittenger, Fabian, & Frye, 1999) and girls, unlike boys, reach their lifetime peak of 
DHEA during adolescence (Angold, 2003; Netherton, Goodyer, Tamplin, & Herbert, 
2004; Shirtcliff, Zahn-Waxler, Klimes-Dougan, & Slattery, 2007). A physiological 
role for DHEA other than as a precursor to sex hormones remains to be well-defined 
(Buvat, 2003; M. D. Johnson, Bebb, & Sirrs, 2002). Like cortisol, though, DHEA also 
plays a role in modulating immune function (Kroboth et al., 1999). The rise and 
decline of DHEA with episodes of development suggests a link between DHEA and 
the process of physical maturation and, potentially, ageing more generally, 
particularly for females (Labrie, Belanger, Cusan, & Candas, 1997). Findings based 
on research utilising DHEA supplements in aging populations to improve 
psychological parameters, such as well-being, cognition and memory contribute to 
this idea, although results between studies are inconsistent (for example, Barnhart et 
al., 1999; Flynn, Weaver-Osterholtz, Sharpe-Timms, Allen, & Krause, 1999; Morales, 
Nolan, Nelson, & Yen, 1994; Wolf, Kudielka, Hellhammer, Hellhammer, & 
Kirschbaum, 1998; Wolf et al., 1997). Some research has found blunted levels of 
DHEA in the morning to be associated with adolescent depression (Goodyer et al., 
1996).  
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More often than not, though, in adolescent research DHEA has largely either 
been studied in the context of the cortisol-DHEA ratio (Goodyer, Herbert, & Tamplin, 
2003) or in reactivity paradigms (for example, Shirtcliff et al., 2007; Wemm, Koone, 
Blough, Mewaldt, & Bardi, 2010). Interestingly, the cross-sectional developmental 
associations found involving DHEA appear specific to stressors/challenges involving 
a social component (Marceau et al., 2014). For example, DHEA was found to be 
responsive to a parent-adolescent conflict interaction task (Shirtcliff et al., 2007). 
However, there has been limited investigation of DHEA operating as a puberty-
related hormone rather than as a stress hormone, in relation to close, social 
relationships in adolescents. 
Given its role in both development and social interactions, DHEA might 
therefore be an ideal candidate to shed light on the broader function of the biological 
stress system; some consider the biological stress system to have dual functions, 
firstly to respond acute stress, but secondly, and more generally, to promote change 
according to anticipated or current context, and to optimize physiological functioning 
for expected future conditions (Ellis, Del Giudice, & Shirtcliff, 2013). In line with this 
idea, researchers have emphasized the need to conceptualize biological stress 
regulation more broadly as biologically sensitivity to context (Boyce & Ellis, 2005), 
i.e., as functioning to regulate openness or susceptibility to environmental influences, 
especially those involving social interactions and support. 
From this perspective, DHEA may therefore play a key role in the regulation 
of developmental plasticity, by integrating and “interpreting” environmental variation 
and adaptively shaping the development of the adolescent (Dufty, Clobert, & Møller, 
2002; Ricklefs & Wikelski, 2002). This might especially be the case regarding 
adolescent changes in interpersonal relationships. Marceau et al. (2014) suggest that, 
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as they become more proficient at dealing with social situations, adolescents are able 
to recruit DHEA to buffer from the deleterious effects of higher cortisol. This would 
likely be evident in the basal functioning of the biological stress system, which 
calibrates its set-points with environmental demands and changes, thus indicating a 
level of physiological preparedness or anticipation of the individual’s context 
(McEwen & Wingfield, 2003; Pruessner et al., 2010). We might, therefore, predict 
increases in basal DHEA to be associated with adolescent attachment, particularly 
those dimensions of the primary caregiver relationship that undergo change during 
this developmental period.  In contrast to cortisol, however, there has been no 
investigation of basal, salivary DHEA and attachment in adolescence.  
Learning how to manage the complexity of human social relationships is 
suggested to be one of the primary evolutionary functions of negotiating the transition 
from childhood to adolescence (Flinn & Ward, 2005). Whereas Bowlby's (1969) 
original formulation of Attachment Theory drew extensively on biological and 
ethological concepts, later theorists have tended to focus on the proximate level of 
explanation and have largely ignored the evolutionary underpinnings of attachment 
(Del Giudice, Angeleri, & Manera, 2009). The Adaptive Calibration Model (ACM; 
Del Giudice, Ellis, & Shirtcliff, 2011), an evolutionary-developmental theory, holds 
that these biological stress responses and patterns are modified by environmental 
circumstances around the time of puberty. Since research has demonstrated that 
physiological patterns of the biological stress system constitute a primary integrative 
pathway through which psychosocial environmental factors are transmuted into the 
behavioral manifestations (Del Giudice et al., 2011), associations between attachment 
behaviors and DHEA, in particular, might be expected.  
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But which attachment behaviors in particular would exhibit such associations? 
Particularly salient during adolescence is the process of separation–individuation from 
parents, which leads to increased autonomy and, therefore, less reliance on support 
from the primary caregiver relationship (Brown & Wright, 2001; Daniels, 1990; 
Noom, Deković, & Meeus, 1999). Research demonstrates decreasing levels of 
emotional intimacy and disclosure to parents and increasing closeness with peers 
across this period (Brown & Wright, 2001; Hamza & Willoughby, 2010). As stated, 
confiding is not only an attachment behavior currently important for policy drives, but 
also an important part of the mother-daughter relationship that may be associated with 
HPA axis regulation (Lyons-Ruth, Choi-Kain, Pechtel, Bertha, & Gunderson, 2011). 
Again, though, research investigating DHEA is much more limited; to our knowledge 
there is only one study of basal DHEA from which we might generate predictions for 
the current study: Heaney, Phillips and Carroll (2012) found that, in an elderly 
sample, individuals with less independence in carrying out activities of daily living 
displayed lower levels of DHEA in the morning period (Heaney et al., 2012). This 
supports the idea that our biological stress regulation system operates as an evolved 
mechanism that matches the individual's physiology and behavior to the environment 
(Ellis, Del Giudice, & Shirtcliff, 2013), which would point toward positive 
associations between DHEA and autonomy.   
 
The Current Study 
The current study sought to examine potential differential associations among 
attachment behaviors, basal levels of salivary cortisol and DHEA secretion, 
particularly in the period immediately post-awakening, in a group of healthy young 
females. We chose to investigate an all-female sample for reasons pertaining both to 
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attachment and to physiological development. There is evidence from evolutionary-
developmental studies that attachment styles undergo a sex-specific reorganisation in 
middle childhood with insecurity of attachment style in females manifesting in more 
anxious strategies and males tending to adopt avoidant strategies (Del Giudice, 2009). 
From a neuroendocrine perspective, gender-specific differences regarding basal 
cortisol and DHEA activity and social relationships during adolescence are observed 
in several studies (Booth, Granger, & Shirtcliff, 2008; Marceau et al., 2014; Matchock, 
Dorn, & Susman, 2007). 
The present methodology involved multiple saliva sampling over the day, in 
strict reference to time of awakening (thus including the CAR), on two consecutive 
sampling weekdays and with careful checks on participant adherence to protocol. An 
interview-based measure of current attachment style was used that included an 
assessment of specific indicators of attachment attitudes pertaining to avoidance and 
anxiety, as well as behaviors regarding the primary caregiver relationship, namely 
confiding and emotional support. We tested two main hypotheses. First, in line with 
previous studies of adults and suggesting links between dysregulated diurnal cortisol 
profiles and insecure-anxious attachment (Kidd, Hamer, & Steptoe, 2013; Oskis et al., 
2011; Quirin et al., 2008), we expected specific dimensions of attachment anxiety, 
including fear of rejection and separation/abandonment, would predict a flatter 
awakening response of cortisol. Second, in line with evolutionary-developmental 
theories of biological stress regulation, we expected less attachment behavior/support 
seeking towards the primary caregiver, manifested by less confiding (presumably 
reflecting greater adolescent autonomy), would predict higher levels of basal DHEA. 
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Methods 
Participants and Procedure 
Fifty-five healthy females with an average age of 14.36 years (SD = 2.41) 
years took part in this study. All aspects of this study were approved by the local 
university ethics committee and conducted in accord with international standards for 
the protection of human subjects. A cross-sectional design was employed and 
volunteers were mostly recruited by approaching local schools. Individuals who 
expressed an interest were provided with an information flyer and a reply slip to 
complete personal details. Written parental permission was required for those under 
16 years of age. On return of this reply slip, the researcher contacted the participant to 
arrange an appointment. Participants were briefed in detail on a one-to-one basis, 
usually in their home environment. After written informed consent was provided, 
each participant received a study pack, which included a copy of the participant 
information sheet, full standardized written instructions, saliva sampling materials and 
a self-report measure of anxiety. Participants’ demographic and developmental 
information (see Table 1) was recorded and the Attachment Style Interview (ASI) was 
then carried out. All work undertaken in this study was conducted by the same 
researcher. 
Participants were a relatively homogeneous population of female adolescents; 
most lived and attended public schools in the Greater London area and all were 
British born. The sample presented as healthy; all were non-smokers and were 
without acute or chronic illness; none took prescribed medication, including the oral 
contraceptive. All were screened for the presence of anxiety using the State-Trait 
Anxiety Inventory (STAI; Spielberger, 1970) and the mean state and trait anxiety 
scores (29.97 (SD =  6.78) and  34.27 (SD =  7.57), respectively) of the sample were 
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Attachment style. The Attachment Style Interview (ASI; (Bifulco et al., 2002) is an 
investigator-based interview that uses a contextualized, support-focused approach to 
assess current interpersonal behavior and attitudes. In this study, each participant’s ASI 
took roughly one hour. The interview is semi-structured and falls naturally into two parts. 
In the first part, participants are asked questions to elicit specific examples of confiding 
and active emotional support in their primary caregiver (which was the mother for these 
participants). Next, the participant is assessed by attitudinal scales concerning 
avoidance/distance in relationships (mistrust, constraints on closeness, anger) or 
anxious attachment (fear of rejection, fear of separation, high desire for company). 
ASI scales are generally rated as "1: marked", "2: moderate", "3: some", "4: 
little/none," however, within the present analyses, the 1 to 4 codings were reversed to 
allow for more intuitive interpretations of findings. The ASI is a flexible measure and 
scores regarding caregiver support and attitudes can be combined to categorise overall 
attachment style in terms of the standard secure-anxious-avoidant typology. 
Alternatively, and in line with a more dimensional approach to the assessment of 
attachment, the separate ASI scales can be used to tease apart which specific 
dimensions relate to variables of interest (for example, see Oskis et al., 2013).  
In terms of inter-rater reliability of the ASI, the scales are all of interval level; 
thus correlational analyses were carried out to determine inter-rater reliability. Thirty 
ASIs were blind-rated and for the attitudinal scales of mistrust, constraints on 
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closeness, fear of rejection, fear of separation and anger scales, r values ranged 
from .73 to .90. For confiding in mother and active emotional support from mother, r 
values were .89 and .83, respectively. All were significant at p < .0005. Previous work 
also demonstrated the ASI was internally consistent in large samples of healthy 
female adolescents and adults from both Europe and the USA (Bifulco et al., 2004). 
The ASI has convergent validity as demonstrated by its associations with self-esteem, 
childhood adversity and negative social context (Bifulco et al., 2002).  
 
Salivary cortisol and DHEA. In the week following completion of the ASI, 
participants collected saliva samples on awakening (i.e., 0 minutes), 30 minutes and 
12 hours post-awakening on two consecutive weekdays to capture secretory patterns 
relevant to both steroids, including the CAR. Profiles comprised of similar three 
sampling points provide a reliable assessment of HPA axis hormones in adolescents 
(for example Heaney et al., 2012; O'Connor et al., 2005). Saliva was collected by 
passively drooling through a straw into the small, appropriately-labelled plastic tube. 
For at least 30 minutes prior to the collection of each sample, participants had to 
adhere by guidelines of nil by mouth other than water and the avoidance of vigorous 
exercise and brushing teeth. Other than these requests, participants were free to follow 
their normal daily routine. Samples were stored in participants’ home freezers on the 
same day of collection. Insulated packs were used to transfer samples to the 
laboratory where they were stored at -20°C until assay.  
On each study day, participants recorded their method of waking up (whether 
naturally or by alarm clock), waking time and the exact times of collection of saliva 
samples. (It is noteworthy that including any of these situational variables as 
covariates in the analyses did not change the results presented here.) Each participant 
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was sent a text message at their individually-predicted awakening time. They were 
asked to reply stating both their actual awakening time and corresponding collection 
time of the awakening sample. If participants woke up earlier than their expected 
awakening time, they were asked to text the researcher with this same information. 
All participants made contact to provide information regarding awakening time and 
Sample 1 collection time. No participants woke up later than anticipated; therefore 
none were awoken by the text message. The information regarding awakening time 
allowed specific and personalized text message reminders to be sent to each 
individual over the course of the day to prompt each saliva sample collection.  
For the assay process, samples were thawed and centrifuged at 1500 x g (3000 
rpm) for 15 minutes. Cortisol concentration was determined by the Expanded Range 
High Sensitivity Enzyme Linked Immuno-Sorbent Assay developed by Salimetrics 
LLC (USA). Similarly, the Salimetrics Salivary DHEA Enzyme Immunoassay was 
used to measure DHEA concentrations. The DHEA assay was carried out prior to 
cortisol. Standard range for cortisol assay: .08 – 82.80 nmol/l. Correlation of assay 
with serum cortisol: r = .91, p < .0005, n = 49 samples. For the DHEA assay, the 
standard range was .03 – 3.47 nmol/l. Correlation of assay with serum DHEA: r = .86, 
p < .0005, n = 39 samples. For both cortisol and DHEA, intra and inter-assay 
variations were below 5% and 10%, respectively.  
Analyses were conducted using the following outcome measures: the cortisol 
awakening response (CAR) was calculated as the 30 minute post-awakening sample 
minus the awakening sample (Edwards, Clow, Evans, & Hucklebridge, 2001; Heaney 
et al., 2012). For the CAR, greater scores reflect larger rises in the 30 minute post-
awakening period. Smaller rises in the CAR have been linked to a range of poor 
physical and mental health outcomes (Kudielka & Kirschbaum, 2003; Shirtcliff & 
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Essex, 2008), hence our choice to analyze this index of cortisol secretion as opposed 
to mean levels. In contrast, DHEA does not exhibit a robust post-awakening dynamic, 
therefore, in line with previous investigations of DHEA (for example Hucklebridge, 
Hussain, Evans, & Clow, 2005; Matchock et al., 2007), mean levels were used. For 
both cortisol and DHEA, morning and evening levels were analyzed separately 
because of increasing evidence that these two periods of secretory activity might be 
subject to different regulatory influences (Edwards et al., 2001; Schmidt-Reinwald et 
al., 1999). The cortisol-DHEA ratio was calculated by dividing cortisol by DHEA 
secretion at each of the three time points. A high cortisol to DHEA ratio has been 
suggested to predispose adolescents to adverse psychological health outcomes 
(Goodyer, Herbert, & Altham, 1998; Goodyer et al., 1996; Goodyer, Herbert, 
Tamplin, & Altham, 2000). However, it remains unknown whether this is a 
consequence of high cortisol or low DHEA or both, which highlights the importance 





Correlates of Cortisol and DHEA 
Raw cortisol and DHEA concentrations at each sampling point were 
moderately positively-skewed. A square-root transformation was applied, which 
reduced skewness statistics and normalized the data in line with Shapiro-Wilks' test 
All other study variables were normally distributed. 
Pearson's correlations revealed that cortisol concentrations were significantly 
correlated over the two sampling days (0 minutes: r = .55, p < .0005; 30 minutes: r 
= .47, p < .0005; 12 hours post-awakening r = .77, p < .0005). This was also the case 
for DHEA levels (0 minutes: r = .71, p < .0005; 30 minutes: r = .79, p < .0005; 12 
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hours post-awakening: r = .66, p < .0005). Therefore, the mean concentration for each 
time point was calculated and used in all analyses. 
Table 1 displays participants’ mean (± SD) for measures of developmental, 
situational and neuroendocrine variables. Pearson's correlations were computed to see 
which specific dimensions of attachment style were related to cortisol and DHEA. 
The correlation matrix can be seen in Table 2. It is noteworthy that being post-
menarche was associated with greater DHEA levels at all time points (0 minutes: r = -
.58, p < .0005; 30 minutes: r = -.46, p < .0005; 12 hours post-awakening r = -.38, p 
= .004). Menarche status was also associated with the cortisol/DHEA ratio at 
awakening (r = .490, p < .0005) and 30 minutes post-awakening (r = .46, p < .0005). 
Given these findings, and that menarche status is known to affect cortisol and DHEA 
secretion (see (Matchock et al., 2007; A. Oskis, Loveday, Hucklebridge, Thorn, & 
Clow, 2009)), this was partialled for in the correlations presented in Table 2.   
 
PLEASE INSERT TABLE 1 ABOUT HERE 
 
PLEASE INSERT TABLE 2 ABOUT HERE 
 
As expected the CAR exhibited significant associations with fear of rejection 
(r = -.37, p = .01) and fear of separation (r = -.26, p = .05), whereby those with a 
smaller rise in cortisol displayed higher levels of these anxious attachment 
characteristics. In contrast DHEA concentrations, at any time point, were not 
associated with anxious attachment attitudes. However, unlike for cortisol, greater 
DHEA concentrations at each time point were significantly associated with the 
attachment behavior of less confiding in mother (0 minutes: r = -.42, p = .001; 30 
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minutes: r = -.29, p = .03; 12 hours post-awakening: r = -.35, p = .01). Higher DHEA 
levels upon awakening were also correlated with less maternal active emotional 
support (r = -.32, p = .02).   
The cortisol/DHEA ratio at awakening exhibited significant positive 
associations with anxious attachment characteristics of fear of rejection (r = .32, p 
= .02) and fear of separation (r = .38, p = .01). These findings were driven by levels of 
cortisol following awakening.  The cortisol/DHEA ratio was not associated with any 
other feature of attachment.  As stated, all results remained statistically significant 
when menarche status was partialled for in these correlations.  
 
Predictors of Cortisol and DHEA 
 To identify which specific attachment style dimensions were independent 
predictors of cortisol and DHEA secretion and to examine the primary hypotheses of 
this study, multiple linear regression analyses were carried out using the individual 
attachment style interview scales that evidenced significant relationships in the 
correlational analyses above. Separate regression analyses were performed to predict 
0min DHEA, the CAR and the 0min cortisol-DHEA ratio. To account for 
developmental status within the sample, menarche status was included in each 
regression. A similar approach to statistical analysis using linear multiple regression 
has been used in previous studies seeking to disentangle dimensions of attachment 
style (for example Meins, Harris-Waller, & Lloyd, 2008; Oskis et al., 2013)). A 
summary of the regression analyses can be seen in Table 3.  
 
PLEASE INSERT TABLE 3 ABOUT HERE 
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For DHEA at 0 minutes post-awakening, the regression produced a significant 
model (F(3, 51) = 17.50, p = < .0005) and menarche status and confiding in mother 
were identified as independent predictors; having experienced first menses and less 
confiding in mother both significantly predicted DHEA levels at awakening. The 
model predicting the CAR was also significant (F(3, 51) = 3.21, p = .03), and fear of 
rejection, consistent with the zero-order correlations, was the only independent 
predictor, with more fear corresponded to a smaller rise post-awakening. For the 
cortisol-DHEA ratio at awakening, the model was significant too (F(3, 51) = 9.76, 
p = < .0005) and fear of rejection was again a significant predictor, in addition to 
menarche status. This time though, being pre-menarche significantly predicted a 
greater cortisol-DHEA ratio at awakening, as did greater fear of separation.  
 
Discussion 
The significance of the biological stress system to the developmental 
understanding of adolescent attachment can be extended by investigating more than 
just the quintessential stress hormone cortisol. The largely understudied HPA axis 
hormone DHEA is fundamental to development and offers the opportunity to deepen 
our knowledge regarding the key attachment behavior of confiding, which is 
considered analogous to the trademark of the infant attachment system that is 
proximity-seeking (Bifulco et al., 2002; Freeman & Brown, 2001; Johnson et al., 
2001). In the current study, we found that the hormones cortisol and DHEA are 
differentially associated with dimensions of attachment in female adolescents. As 
hypothesized, a smaller cortisol awakening response was predicted by greater fear of 
rejection. Fear of separation emerged as an independent predictor of the 
cortisol/DHEA ratio at awakening. In contrast, DHEA was not predicted by any 
 18 
dimension of attachment anxiety. Instead, the attachment behavior of confiding in 
mother was a significant predictor of awakening DHEA levels, but not cortisol, with 
less confiding corresponding to greater DHEA levels.  
The observed results were consistent with our theory-driven predictions, and 
the differential pattern of findings for cortisol and DHEA may suggest specificity of 
the aspects of care related to adolescent development. Cacioppo (1994) has argued 
that an individual’s current pattern of neuroendocrine activity might be 
conceptualized as a function of his or her current, most important interpersonal 
relationships. Our findings appear to support this idea. To the extent that DHEA 
provides a putative index of progress in pubertal timing (Del Giudice et al., 2009), 
girls further along the adolescent developmental trajectory seem to be confiding in 
and depending less on their mothers. This also fits within developmental frameworks 
that place emphasis on the importance of autonomy for optimal development (Lee & 
Bell, 2003). As a psychophysiological biomarker, our results suggest that DHEA can 
be associated with age-appropriate changes in caregiver relationships and serves here 
to index an interpersonal shift in behavior. Adolescence is a unique time for 
attachment because in moving from attachment in infancy to attachment in adulthood 
mutuality is a key developmental task— i.e., the capacity to move flexibly between 
care-giving and care-seeking roles in the relationship (Clulow, 2007). Prior work 
suggests that mutuality in confiding, specifically within the mother-daughter 
relationship, may impact on HPA axis hormone regulation (Lyons-Ruth et al., 2011). 
This interpretation also fits given the role of DHEA in fertility status and the potential 
for the adolescent to now be a caregiver themselves. It is noteworthy that being post-
menarche also significantly predicted DHEA levels at awakening, which is in line 
with the extensive literature showing the effect of developmental markers on DHEA 
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secretion (Matchock et al., 2007). Over-and-above this effect, we continued to 
observe that confiding behavior toward mothers was a significant independent 
predictor of awakening DHEA concentrations.    
This observation is largely consistent with evolutionary-developmental theory, 
particularly the Adaptive Calibration Model (ACM; Del Giudice et al., 2011), which 
proposes that evolution may have led to modification of the stress system around the 
time of puberty. The current findings support this idea, indicating that during 
adolescence the HPA axis may need calibrating in order to deal with the demands of 
leaving the parental nest. One proposed means of calibration, as found in this study, is 
increased secretion of DHEA, which signals that the adolescent is developmentally 
“on schedule” to becoming reproductively mature (Del Giudice et al., 2009; Wolf & 
Kirschbaum, 1999). Adaptive scheduling of developmental tasks requires tight 
coordination between physiology and behavior (Del Giudice et al., 2011), so it is apt 
that as the female adolescent evolves from being a receiver of care from parents to 
being a potential caregiver themselves, less attachment behavior is directed towards 
the primary caregiver, in terms of confiding and, in Bowlby’s (1969) original terms, 
using them as a safe haven. This is also consistent with the idea that adolescence 
affords an ‘‘assessment period” in which children gauge their local environment and 
adjust their future developmental trajectories accordingly (Bogin, 1997). 
Another possible interpretation regarding higher levels of DHEA, which is 
also relevant to our finding of a negative association between the CAR and fear of 
rejection, is that we are observing a puberty-related phenomenon whereby interactions 
with the parent cease to have the same potent buffering effect on the HPA axis that 
they did in infancy and childhood (Hostinar et al., 2014). In this study, the 
relationship between a smaller CAR and fear of rejection was hypothesized and in 
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line with previous studies (Oskis et al., 2011; Quirin et al., 2008; Tops et al., 2008). 
The hyperactivating nature of fearful and anxious attachment characteristics is likely 
to result in repeated elevations of cortisol (Mikulincer, Shaver, & Pereg, 2003). 
Therefore, flatness of the cortisol profile would be expected to develop over time as 
part of a necessary down-regulation in basal HPA axis activity, in order to avoid the 
detrimental effects of chronically elevated glucocorticoid levels (Adam, Sutton, 
Doane, & Mineka, 2008). These results also support the findings of a previous study, 
which linked attachment anxiety to reduced cell concentration in the left hippocampus 
−an area which is significant in the regulation of the CAR (Quirin et al., 2010). The 
knowledge that fears of rejection and abandonment/separation impact on health-
relevant biological processes in adolescents provides specific targets to feed into 
practical applications of this work. This can be linked to, for example, peer-rejection 
interventions (see Boulton, 2013; Mikami, Lerner, & Lun, 2010), which have so far 
provided promising findings relating to adolescent health (Fröhlich, Pott, Albayrak, 
Hebebrand, & Pauli-Pott, 2011) and psychological disorders (Moretti, Odgers, 
Reppucci, & Catherine, 2011).  
In the present study, fear of separation predicted a higher cortisol-DHEA ratio 
at awakening. The cortisol-DHEA has mostly been studied in relation to early-onset 
depression, where extensive findings point to a higher ratio in clinically depressed 
adolescents (Goodyer et al., 1998; Goodyer et al., 1996; Goodyer et al., 2000). 
However, it remains unknown whether that finding in the literature is due to either 
high cortisol or low DHEA or both: psychosocial factors may differentially affect 
cortisol or DHEA, which is not apparent by examination of the ratio alone (Goodyer, 
Park, Netherton, & Herbert, 2001). Our results suggest that high cortisol levels, and 
the link to anxious attachment, may play an important role in driving the cortisol-
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DHEA ratio. In times of perceived threat or prolonged stress, similar to that 
experienced during fearful attachment states, steroid biosynthesis may shift from 
biosynthesis of adrenal androgens to glucocorticoid pathways (Lennartsson, Theorell, 
Kushnir, Bergquist, & Jonsdottir, 2013). Such a shift would lead to higher levels of 
cortisol and lower levels of DHEA, which would drive a higher cortisol-DHEA ratio. 
A further interpretation regarding the cortisol-DHEA ratio hypothesis is that DHEA 
balances cortisol and buffers the body from harmful effects of prolonged exposure to 
cortisol (for example Herbert, 1997; Kimonides, Spillantini, Sofroniew, Fawcett, & 
Herbert, 1999; Mao & Barger, 1998) so a high cortisol to DHEA ratio indicates an 
imbalance that, for example, may predispose adolescents to deleterious psychological 
health outcomes (Goodyer et al., 1998; Goodyer et al., 2003). This is also consistent 
with the accumulating literature that proposes a link between attachment anxiety, 
dysregulated cortisol and a range of poor physical and mental health outcomes 
(Fagundes et al., 2011; Jaremka et al., 2013; Puig et al., 2013). In a wider context, this 
also supports how psychophysiological research may serve as an important bridge to 
link prevailing psychosocial conditions to health (Sbarra & Coan, 2013). 
Although this study is among the first investigations of basal DHEA and 
attachment, the cross-sectional nature of the work does not allow for the attribution of 
causality. The gold-standard for future work would be to adopt multi-method, 
longitudinal designs to track the diverse and many psychological, behavioral and 
physiological sequelae of the complex phenomenon that is human attachment. In 
addition, it would be useful for future studies to include a dimensional measure of 
pubertal development. This study also highlights the importance of conducting 
rigorous psychophysiological research. This is pertinent given recent findings 
suggesting that individuals may soon be able to measure their cortisol levels using just 
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their smartphones (see Baulkman, 2014), which raises significant issues for future 
work in this area of adolescent psychophysiology. Finally, our results also reveal the 
rich data that are to be gained from looking at specific, underlying constructs of 
attachment as opposed to simplified and general categories of secure vs. insecure, 
which unfortunately is still the case even in recent research on attachment (for 
example Neustadt, Chamorro-Premuzic, & Furnham, 2011).  
 
Conclusion  
The findings from this study demonstrate links between adolescent 
interpersonal processes and a biological system that is essential not only for stress 
regulation but also for developmental transitions. A sample of adolescent girls 
participated in the Attachment Style Interview, which provided a detailed assessment 
of their attachment attitudes concerning anxiety and avoidance, as well as confiding 
and emotional support from their maternal relationship. Diurnal patterns of two 
fundamental mediators of the biological stress system, cortisol and DHEA, were also 
assessed. Our findings revealed functionally different associations between cortisol 
and DHEA and dimensions of attachment in this adolescent sample. In support of 
previous research, cortisol secretion was predicted by attachment attitudes involving 
increased fear and anxiety. In contrast, increased DHEA secretion was only predicted 
by the objective attachment behavior of less confiding in mothers. These data 
correspond to previous research findings with females. Lyons-Ruth et al. (2011) 
found that confiding in mothers was unrelated cortisol activity. Given the differential 
physiological functions of these two hormones, it is therefore fitting that we found 
DHEA was related to confiding.  
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The pattern of cortisol tells us one story regarding the developmental 
understanding of adolescent attachment, but the pattern of DHEA tells another. 
Overall, our data indicate that these two HPA axis hormones are associated with their 
typical functions: cortisol for stress/anxiety and DHEA for age-related functions. 
Theoretically, therefore, our data support the normative shifts that occur in attachment 
to caregivers around adolescence, and that studying these shifts can be informed by 
evolutionary-developmental theory. Practically, we suggest that knowing that 
attachment fears of rejection and separation, as well as confiding in mother, impact on 
physiological functioning could provide clear targets for interventions seeking to 
improve adolescent health and well-being. 
 
The manuscript does not contain clinical studies or patient data. 
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